Neonatal injections of estrogen or androgen in female rats later develop the permanent anovulatory condition (For reviews, see Takewaki, 1962; Barraclough, 1966) . However, the ovaries of the animals after attainment of puberty are different in structure and function, according to dose of the steroid and duration of its administration, treatment with small doses for a short period developing the persistent-estrous state and injections of large doses for a prolonged period, the persistentdiestrous condition. In the former, the ovaries contain a large number of vesicular follicles but no corpora lutea, while in the latter, they remain infantile and undeveloped permanently.
Although persistent-estrous rats exhibit constant vaginal cornification indicative of continued estrogen secretion from the ovaries, they are unreceptive to males. Moreover, mating behavior cannot be released in ovariectomized" persistent-estrous" rats by combinations of estrogen and progesterone, unlike in ovariectomized" normal" animals (Barraclough and Gorski, 1962; Whalen and Nadler, 1963; Levine and Mullins, 1964; Feder, 1967; Whalen and Edwards, 1967) . Kennedy (1964b) reported that early post-natal androgen injections resulted in a slight decrease in spontaneous activity in female rats after maturity, although difference from the controls was not significant. According to Gerall(1967) , running activity was greater in female rats given neonatal estrogen injections and smaller in animals receiving androgen injections neonatally than in normal animals. He also pointed out that neonatal steroid injections altered the periodicity in later running activity. The aims of the present studies were(1) to examine spontaneous activity of persistentestrous and persistent-diestrous rats secured by neonatal estrogenization by recording the wheel revolving activity of the animals and (2) to ascertain whether the neonatally estrogenized rats are capable of responding normally to estrogen injections after ovariectomy.
MATERIALS AND METHODS
Experimental animals were female rats of the Sprague-Dawley strain from the colony maintained in the Endocrinology Laboratory, Zoological Institute, University of Tokyo. To secure persistent-estrous or-diestrous rats, female rats were given subcutaneous injections of estrone for the first 20 postnatal days. However, in both normal and persistentestrous (PE) rats the activity increased gradually until it developed definite patterns characteristics of the animals in about 3 weeks ( Fig. 1 a, graphs A) . After a preadaptation stage lasting about 3 weeks , normal rats showed 4-day cycles in spontaneous activity , the maximal and minimal activities being noted at the time of vaginal estrus and diestrus, respectively. Rats showing the maximal activity ran about twice as many revolutions as they did when they were minimally active. In contrast , activity of PE rats was The number of rats are given in parentheses.
Vaginal smears in these rats were of the persistent-diestrous type.
Effect of ovariectomy and estrogen injections on spontaneous activity of rats resident in the activity cage Ovariectomy definitely reduced spontaneous activity in both normal and PE rats within 24hrs. (Fig.  1 a, graphs B) . Two days after operation, the rats became more active but the ovariectomized "normal" rats were still less active than they were at the time of diestrus before ovariectomy. Effects of ovariectomy on spontaneous activity in Fig.4 PE rats appeared to be milder than in normal rats, although the activity gradually fell with time after operation in both groups of rats. However, as shown in Figure 2 , graphs B, PE rats were significantly more active than normal rats even 8days after ovariectomy (36 and 40days, t=5.17 p<0.01, t=3.88 p<0.01, respectively). In PD rats, ovariectomy had no influence on spontaneous activity, postoperative activity being as low as preoperative one. Normal and PE rats invariably showed cornified vaginal smears on the day following the operation but thenceforth diestrous smears continued in all animals. In about 20 postoperative days, both all groups of rats throughout the observation periods. Estrogen injections exerted no marked effect on the diurnal rhythm. Body weight and weights of some organs of rats in the first series of experiments are presented in Table 1 . Weights of the body, uterus and adrenals were not different among the 3 groups. Ovaries from PE and PD rats were significantly smaller than those from normal rats. Difference in ovarian weight between PE and PD rats was barely significant (0.02<p<0.05). In PE rats, ovaries contained follicles of varying sizes but no corpora lutea. The interstitial tissue was well-developed (Fig.5) . Ovaries of PD rats consisted of primary follicles and follicles at the beginning of antrum formation but no corpora lutea. A few maturing follicles might also be encountered. The interstitital tissue was only locally developed in these ovaries (Fig.6 ).
DISCUSSION
In adult female rats which had received neonatal estrogen injections, spontaneous activity was permanently altered. The peak of the activity normally occurring every 4th day at estrus was absent in the steroid-sterilized rats. This is in good agreement with the trogenized or androgenized female rats. However, Kennedy(1964b) reported that injection of testosterone propionate on the 2nd or the 6th postnatal day invariably blocked future ovulation and frequently made the rats unreceptive but exerted any marked effect on running activity of the animals. This seems to be at variance with the findings of Gerall. On the other hand, normal male rats are well-known to show virtually acyclic running activity. Orchidectomy soon after birth and subsequent implantation of an ovary seem to result in cyclicity in activity (Yazaki, personal communication) . Therefore, it may be concluded that administration of androgen or estrogen or the presence of endogenous androgen during neonatal life is responsible for the development of acyclic spontaneous activity. Young and Fish(1945) that periodicity of running activity was restored in ovariectomized rats given implantation of estrogen pellets. Since Gerall observed some periodical fluctuations in activity in neonatally androgenized or estrogenized rats showing persistent vaginal cornification, he suggested that the cyclic changes in activity might be related either to estrogen production from some extra-ovarian source, to non-estrogenic hormones, or to a specific neural mechanism. It is now well established that neonatal administration of sex steroid may permanently reduce the gonadotropic potency of the adenohypophysis and inhibit the ovulatory surge of LH. Since ovariectomy results in an increase in the blood titer of LH in normal rats but not in PD rats, as evidenced by behavior of intrasplenic ovarian grafts (Takasugi, 1953; Noumura, 1958) , LH might possibly be the hormone influencing the behavioral mechanism in the brain. The presence of mature follicles in ovaries of PD rats secured by injections of estrone for 20 neonatal days seems to indicate that the gonadotropic potency of the adenohypophysis was not totally inhibited in these rats, unlike in PD rats of the same strain secured by neonatal estrone injections for a period of 30 days (Takewaki and Kawashima, 1967) . Richter and Uhlenhuth(1954) reported that gonadectomy greatly reduced spontaneous locomotor activity of domesticated Norway rats of both sexes, but had little effect on th activity of wild Norway rats. On the basis of these findings, they suggested that spontaneous activity of wild rats would be largely governed by adrenal corticoids. This concept was reinforced by the findings that adrenals were markedly hypertrophied after gonadectomy in wild rats and the sharp drop of activity in gonadectomized domesticated rats was prevented by administration of cortisone or DOCA.
An increase in activity is also known to occur after food restriction or following administration of some drugs. Yagi(1961) re-ported that food restriction resulted in progressive increase in prefeeding activity in the daytime, and nocturnal cyclic rise in activity was gradually obliterated. It seems unlikely that the feeding conditions in the present experiments exerted any marked effect on the diurnal rhythm in spontaneous activity. The mechanism involved in the increase in spontaneous activity following estrogen administration may be different from that concerning the rise induced by inanition.
Hypothalamic control of running activity was studied by Kennedy et al. Lesions placed in the ventromedial hypothalamus virtually abolished the activity, which could not be restored by inanition or by injections of estrogen or amphetamine (Kennedy and Mitra, 1963 a, b) . Activity was also reduced by suprachiasmatic and preoptic lesions. However, it might be restored to normal by estrogen injections or food restriction. Kennedy (1964 a) suggested that the ventromedial region of the hypothalamus is not directly responsive to estrogen, but it facilitates locomotor components, while the anterior hypothalamus relays facilitatory stimuli to the ventromedial nucleus. Furthermore, he stated that reduction of activity by lesions placed in the anterior hypothalamus occurred only when it was damaged extensively.
The present findings and those of previous workers seem to indicate that the lowered responsiveness of neonatally estrogenized rats to exogenous estrogen may be due to damage to the relay mechanism between the anterior hypothalamus and the ventromedial nuclei and/or to the hypothalamic nuclei.
